Induction immunosuppression after heart transplantation is believed to reduce the risk of acute graft rejection. While monoclonal and polyclonal antithymoglobulins are considered the optimal induction agents, controversy remains regarding their relative superiority. This article presents a systematic review of the literature and a meta-analysis in order to assess the relative benefits and side-effects of monoclonal vs. polyclonal antithymoglobulins as induction immunosuppression agents. Pooled analysis demonstrated a small but statistically insignificant difference in the average time to first rejection between the groups (6.7"15.5 days, Ps0.39). No statistically significant differences in the proportion of patients who developed rejection or infection episodes at 6 months were observed (Relative Risk 0.97, Ps0.82 and Relative Risk 0.85, Ps0.14, respectively). In addition, no statistically significant difference in survival was found between the groups at 6 months (Relative Risk 0.98, Ps0.58). A greater number of drug related side-effects was observed, however, in the monoclonal group, including episodes of acute pulmonary edema and hypotension. In conclusion, this review revealed no statistically significant differences in rejection, infection, or survival rates between the monoclonal and polyclonal groups. The increased rate of side-effects with monoclonal antibodies might suggest a superiority of polyclonal over monoclonal antibodies.
Introduction
The long-term results of cardiac transplantation have continued to improve due to improved peri-operative care and immunosuppression regimens. The risk for acute rejection is highest in the first year following transplantation and therefore many transplant centers use a strategy of peri-operative induction immunosuppression in order to provide a rapid and effective protection against acute allograft rejection w1,2x. Reducing the number of T-cells, which are responsible for graft rejection, is believed to be the most effective method to achieve a rapid and effective immunosuppression early post-transplantation. Two main types of antithymoglobulin preparations are currently available, namely polyclonal and monoclonal antibodies. The superiority of either agent continues to be unresolved w3-13x. The purpose of this study therefore was to systematically review all available trials that compared the benefits and harms of polyclonal and monoclonal antithymoglobulins when used as induction immunosuppression agents after heart transplantation.
Materials and methods
A systematic review of the literature was conducted to identify all randomized controlled trials that compared *Corresponding author. Tel.: q1 (613) 761-4233; fax: q1 (613) 761-5367. E-mail address: mhaddad@ottawaheart.ca (M. Haddad).
polyclonal and monoclonal antithymoglobulins as induction immunosuppression agents after heart transplantation. The search was conducted using the electronic databases Pre-MEDLINE, MEDLINE (1966 to March 2004 ), EMBASE (1980 to March 2004 , and the Cochrane Central Register of Controlled Trials (2004) . Studies that included any of the following MeSH or text words were identified: 'monoclonal antibodies', 'polyclonal antibodies', 'OKT3', 'Orthoclone', 'ATG', 'ALG', 'Thymoglobulin', 'Rabbit Anti-Thymoglobulin', 'RATG', 'Horse Anti-Thymoglobulin', or 'HATG'. All identified studies were then combined with the term 'HEART'. The search was then restricted to randomizedcontrolled trials using the Dickersin filter w14x. The references of all identified articles were also searched. Trials involving non-human or pediatric subjects (-18 years) were excluded. No restriction based on language or country of publication was imposed. No attempts were made to identify unpublished or non-peer reviewed articles. All studies were screened by two reviewers (MH and FA).
The quality of all relevant trials was assessed using the Jadad scale w15x. Studies that scored G3 out of 5 were considered high quality. The primary outcomes of interest included the number of patients who developed acute rejection episodes in the first 6 months post-transplantation, the incidence of post-operative infections, survival, and drug related side-effects. Clinically important rejection was defined as episodes requiring treatment (rejection Downloaded from https://academic.oup.com/icvts/article-abstract/4/5/415/848305 by guest on 27 January 2019 grade 2 out of 4 using the International Society of Heart and Lung Transplantation Scale). Post-operative infections were defined as episodes requiring treatment. An attempt was made to obtain any missing information from the primary authors.
Data analysis
All eligible studies were included in the analysis regardless of quality or the blinding status. The computer software RevMan (Version 4.2, Cochrane Collaboration) was used. The weighted difference of means with 95% confidence intervals was used for continuous variables and pooled relative risk estimates with 95% confidence intervals were used for dichotomous variables. Estimates of rejection, infection, and survival rates were calculated at 6 months post-transplantation. The conservative random effects model was used for our analysis. A pooled relative risk of 1 indicates no difference between the groups whereas a relative risk of -1 indicates a lower risk of events in the polyclonal group compared to the monoclonal group. Medication related side-effects were summarized in a table format since the data could not be pooled. Test of heterogeneity between the studies was conducted using the chisquare method and sensitivity analysis of high and low quality studies was also planned.
Results
A total of 1309 articles were identified by our literature search strategy. Of those, only 11 articles compared polyclonal and monoclonal antithymoglobulins in adult heart transplant patients and, therefore, deemed potentially eligible for inclusion w3-13x. However, only 5 trials were truly randomized and were therefore included in the final analysis w4,6-9x. Only one trial stated that the pathologist was blinded to treatment groups and one trial utilized concealed envelopes for randomization w4,6x. All included studies were published in English. Table 1 displays the characteristics of the 5 included trials. The studies enrolled a total of 105 polyclonal patients (ATG group) and 110 monoclonal patients (OKT3 group). Following induction of immunosuppression, all patients received steroids and cyclosporine in addition to azathyprine in selected patients. ATG and OKT3 doses were similar in the various studies but there was a discrepancy in the duration of drug administration. Four trials used ATG for 7 days compared to 14 days in the OKT3 group and one trial used both ATG and OKT3 for an equal length of time w8x. Follow-up ranged from 6 to 24 months post-transplantation. The methods of data reporting varied among the studies rendering pooling of some results difficult. Furthermore, measures of spread, such as standard deviations, were not consistently reported. Only one trial scored 3 out of 5 on the Jadad scale, while the remaining trials scored only 2 out of 5 due to the lack of blinding. Fig. 1 demonstrates a statistically insignificant delay in the mean time to first rejection episode in the ATG group compared to the OKT3 group (average difference of 6.7 days, 95% confidence interval y9 to q22 days, Ps0.39). The heterogeneity test between the studies was significant (P-0.00001).
Rejection

Time to first rejection episode
Number of patients with rejection episodes
Three trials reported the average number of rejection episodes per patient as well as the number of patients who developed rejection w6-8x while one trial only reported the average number of rejection episodes per patient w4x, and one trial did not report any data w9x. Fig. 2A demonstrates that there was no difference in the risk of graft rejection between the two groups at 6 months post-transplantation (relative risk 0.97, confidence interval 0.72-1.3). Two studies, however, could not be included in the pooled analysis due to the method of data reporting. One of those trials demonstrated a higher incidence of rejection in the ATG group w4x while the other study showed that there was no difference between the groups at 6 months w9x. M. Haddad et al. / Interactive CardioVascular and Thoracic Surgery 4 (2005) 415-419 
Infections
The pooled effect estimate demonstrated a trend towards a lower proportion of patients with post-operative infections at 6 months in the ATG group (relative risk 0.85, confidence interval 0.69-1.05), however, this trend did not reach statistical significance (Ps0.14) (Fig. 2B) . One study could not be included in the pooled analysis due to the lack of data w7x. That study, however, also showed a slightly lower number of infection episodes per patient in the ATG group, albeit this difference was not statistically significant.
Survival
The pooled relative risk for survival up to 1 year between the groups was 0.98 with a 95% confidence interval of 0.91-1.06, Ps0.58 (Fig. 2C) . One study, however, could not be included due to lack of survival data beyond 3 months w4x. Table 2 summarizes the rates of all medication related side-effects. Most studies reported higher rates of drug related complications in the OKT3 group. These side-effects Downloaded from https://academic.oup.com/icvts/article-abstract/4/5/415/848305 by guest on 27 January 2019 included fever, headaches, acute respiratory distress, and hypotension.
Side effects
Discussion
Various studies have demonstrated the effectiveness of peri-operative antithymoglobulins in reducing the risk of acute graft rejection after heart transplantation w1,2x. In addition, induction with these agents allows for the stabilization of renal function by delaying the need for the nephrotoxic calcinurine inhibitors. Controversy remains, however, regarding the relative advantages of polyclonal compared to monoclonal thymoglobulins. This systematic review demonstrated that while there was a slight delay in the average time to first rejection in the ATG group, this difference was statistically and clinically insignificant. Furthermore, the proportion of patients who experienced a rejection episode in the first 6 months was similar in both groups. Unfortunately, two trials could not be included in the pooled estimate due to the variability in data reporting. This was due to the fact that 3 studies reported the number of patients with events at various points in time, while the rest reported the average number of events per patient. While some non-randomized clinical trials also demonstrated a trend towards lower rejection episodes in ATG patients w3,10,12x others, however, demonstrated a superiority of OKT3 over ATG w5x. This meta-analysis only analyzed randomized controlled trials in order to minimize the risk of selection and information bias and reduce the effects of possible confounders.
The number of post-operative infections requiring treatment was slightly lower in ATG patients but this difference did not reach statistical significance. Furthermore, most infections were successfully treated without major sequelae. The similar rate of post-operative infections between the ATG and OKT3 groups is reassuring. However, many studies have demonstrated a relatively high incidence of side-effects after the initial OKT3 dose w3,6x. Most of these complications were transient with minimal long term sequelae but few patients sustained major side-effects such as respiratory and hemodynamic decompensation. These complications occurred despite pre-treatment with steroids and anti-histamines. Hence, close monitoring is currently recommended in all patients receiving OKT3. ATG related side-effects were infrequent, however, some studies reported a slight risk of thrombocytopenia and leukopenia and therefore platelet and white cell counts should be monitored closely in those patients. The cost of ATG is, however, greater than monoclonal anti-thymoglobulins. The cost of a 5-day course of ATG is approximately CAN $ 7500 (5 vialsyday) compared to CAN $ 3200 of OKT3 (5 mgyday).
There was no survival difference between the two groups up to 1 year post-transplantation. This could be due to the fact that the two major influences on survival, namely rejection and infection episodes, were similar in both groups. Furthermore, no major differences in the incidence of lymphomas were observed between ATG and OKT3 patients in this review.
The systematic nature of this review ensures the inclusion of all relevant trials. In addition, limiting the analysis to randomized controlled trials only strengthens the conclusions of this review.
A weakness of this meta-analysis lies in the fact that some studies could not be pooled for certain end-points, such as drug related side-effects. It was difficult to pool the results of all trials due to discrepancies in the methods of data reporting. However, most trials were included in the pooled estimates of the major outcomes. Another weakness in the meta-analysis is the fact that different doses and time intervals were utilized in the different trials. This would weaken the strength of the quantitative portion of this review. All included studies had equivalent quality scores and therefore no sensitivity analysis for this variable was necessary. Only one study was deemed to be of high quality since 4 of the 5 trials were not blinded. It could be argued, however, that blinding of clinicians and patients should not affect the end points of the studies, namely histologic rejection grade, infections, and survival. Blinding, however, could have been achieved in these trials.
The risk of publication bias threatens the validity of many systematic reviews. Such bias occurs due to the fact that negative trials are less likely to be published than positive ones. Most trials in this review reported negative results and therefore the risk of a publication bias was not of a major concern.
In conclusion, a systematic search of the literature did not reveal any statistically or clinically significant differences in the rates of rejection or infection episodes between patients receiving monoclonal and polyclonal antithymoglobulins as induction immunosuppression agents after cardiac transplantation. Furthermore, no differences in survival rates were observed up to 1 year post-transplantation. However, a higher incidence of drug related sideeffects was found in the monoclonal group. Caution should be exercised after the initial dose of monoclonal antithymoglobulins due to the small risk of respiratory and hemodynamic compromise. The results of this review underscore the importance of conducting a large, multi-centered, randomized clinical trial to address this issue.
